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A PIGGABLE FLOWLINE-RISER SYSTEM 



CROSS REFERENCE TO RELATED APPLICATIONS 



[0001] This application is the National Stage of International Application No. 
PCT/US04/31033, filed 20 September, 2004 and claims the benefit of U.S. 
Provisional Application 60/512,709, filed 20 October, 2003. 



[0002] This invention relates to a flowline-riser production system for the 
recovery of hydrocarbons from offshore wells, and a method for pigging the interior 
surfaces of the riser and flowlines. More particularly, this invention is a piggable 
flowline-riser system in which a pig is launched from or near a host production 
facility, down a riser into a looped flowline and returned up through the same riser. 



[0003] More than two-thirds of the Earth is covered by oceans. As the petroleum 
industry continues in its search for hydrocarbons, it is finding that more and more of 
the untapped hydrocarbon reservoirs are located beneath the oceans, in "offshore" 
reservoirs. A typical system used to produce hydrocarbons from offshore reservoirs 
comprises a host production facility located on the surface of the ocean or on land, 
hydrocarbon producing wells located on the ocean floor (i.e. "subsea" wells) and a 
system of pipes that transports the hydrocarbons from the subsea wells to the host 
production facility. 



FIELD OF THE INVENTION 



BACKGROUND 



[0004] In the offshore application, the system of pipes that transport the 
hydrocarbons within this production system is made up of flowlines and risers. 
Flowlines are typically referred to in the industry as the portion of pipes that lie on the 
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floor of the body of water. Risers typically refer to the portion of pipes that extend 
from the flowlines through the water column to the host production facility. 
[0005] To maintain the production capacity of the flowlines and risers, the interior 
of the pipes must often be cleaned of various debris or hydrocarbon wastes that can 
accumulate within such pipes. During fabrication and installation of the flowlines and 
risers, solid particles in the form of construction debris can accumulate inside the 
pipes, and these solids need to be removed before starting the hydrocarbon production 
to ensure the solids are not carried into the production equipment on the host 
production facility. During production, the produced fluids will typically comprise a 
mixture of crude oil, gases such as methane, hydrogen sulfide and carbon dioxide, 
water and sometimes solids, such as sand. The solid materials entrained in the 
produced fluids may be deposited during "shut-ins," i.e. production stoppages, and 
require removal. Also, changes in temperature, pressure and/or chemical composition 
along the pipes may cause the deposition of other materials, such as methane hydrates, 
waxes or scales, on the internal surface of the flowlines and risers. These deposits 
need to be periodically removed, as build-up of these materials can reduce line size 
and constrict flow. 

[0006] The flowlines and risers must also be inspected on a periodic basis to 
detect potential problems that may arise in the system. For instance, the presence of 
corrosive components in the produced fluids, such as hydrogen sulfide and carbon 
dioxide, may cause corrosion in the flowlines and risers. Periodic monitoring or 
inspections are required to detect potential corrosion of the lines. 

[0007] A common method for cleaning the interior of the risers and flowlines and 
performing inspections is to "pig" the system. One class of pigs is designed for line 
cleaning, removing wax deposits and/or other debris. The pig scrapes or dislodges the 
deposits and/or debris from the internal surface of the pipes. Another type of pig is 
the "intelligent" pig, which has the capability of inspecting the flowline-riser system, 
for instance, a pig that can measure the wall thickness of the lines and therefore 
provide data to anticipate potential corrosion problems. 
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[0008] For any piggable system, there must be a means of getting the pig into the 
system, a method of propelling the pig through the system, and a way to remove the 
pig from the system. A common piggable flowline system for subsea wells comprises 
two flowlines and two risers, which are "tied" together. A typical example of such a 
system is provided in FIG. 1 . With this configuration, a pig is sent from the host 
production facility 5 A down a first riser 10A, into a first flowline 30A, through a 
flowline, sometimes called a pigging loop, 40 A connecting wells 35 A and 45 A, 
through second flowline 5 OA, and up through a second riser 10Z back to the host 
production facility 5 A. In the simplest form, all the lines in the system are of constant 
diameter. Variations of this approach feature lines of different diameters — typically a 
smaller-diameter riser and flowline for carrying the pig out from the host production 
facility, and a larger-diameter flowline and riser for returning the pig back to the host 
production facility. Another variation would be for first and second flowlines 30A 
and 50 A to connect to a manifold used to commingle the production from several 
wells. The pigging loop 40A can be part of the manifold. 

[0009] Another common pigging approach uses a subsea pig launcher. As shown 
in FIG. 2, the subsea pig launcher 75 attaches to the flowline 3 0B near the subsea well 
35B, and from there launches a pig into the flowline 30B, up through the riser 10B 
and to the host production facility 5B. Because the pig is launched from the ocean 
floor and retrieved at the surface of the ocean at the host production facility 5B, a 
second riser is not required. Accordingly, a single flowline 30B and a single riser 10B 
can be used for producing hydrocarbons from the subsea well(s), while maintaining 
piggability of the system. However, because the launcher is located at the ocean floor, 
it must initially be "loaded" with multiple pigs. In order to provide long-term pigging 
capabilities the launcher has to be reloaded later in field life, which typically requires 
intervention with a remotely-operated vehicle (ROV) or a diver. Moreover, difficulty 
arises when in a particular instance the flowline-riser system requires the use of a 
different type of pig than is available in the launcher, e.g. an intelligent pig instead of 
a cleaning pig. Such instances also typically require the intervention of an ROV or a 
diver. Additional related references can be found in WO 01/71 158 to Kvaerner 
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Oilfield products AS, GB 2,028,400 to Otis Engineering Corporation, WO 01/73261 
to Rockwater Limited et al., U.S. 4,528,041 to Rickey et al., U.S. 6,079,498 to Sidrim 
et al., GB 2,191,229 to Subsea Developments Ltd., WO 95/12464 to Norsk Hydro AS 
et al., and GB 2,196,716 to Seanor Engineering AS et al. 

[001 0J The systems described above can be effective, but can also be relatively 
expensive to install and operate. The two-line system shown in FIG. 1 is costly 
because it requires the fabrication and installation of two separate risers and flowlines. 
The subsea pig launcher shown in FIG. 2 requires an initial capital investment in the 
launcher, and also incurs high operating costs associated with bringing additional pigs 
to the launcher, i.e., with an ROV or a diver. 

[001 1] There is a need in the industry, especially in deepwater applications, to 
reduce the cost of the offshore development and production of hydrocarbons. 
Accordingly, what is needed is a piggable offshore system that eliminates the costs of 
additional equipment and/or maintenance. By reducing the expense of the installation 
and maintenance of additional risers, and eliminating the expense of the installation 
and maintenance of the subsea pig launcher while providing a piggable offshore 
hydrocarbon recovery system, the current invention satisfies this need. 

SUMMARY OF THE INVENTION 

[001 2] According to the invention, there is a piggable flowline-riser system for 
producing hydrocarbons comprising a riser, a " Y" joint and a looped flowline, wherein 
the looped flowline is in fluid communication with at least one subsea well. More 
particularly, described is a piggable flowline-riser system comprising a Y joint having 
a stem and a first and second branch, a riser in fluid communication with the stem of 
the Y joint, and a looped flowline in fluid communication with at least one subsea 
well, wherein the looped flowline has a first end and a second end in fluid 
communication with the first and second branches of the Y joint. 
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[001 3] Also provided is a method for pigging the flowline-riser system of the 
current invention where the flowline-riser system includes a Y joint having a stem in 
fluid communication with a riser and two branches, each of the branches in fluid 
communication with one of the ends of a flowline loop, the flowline loop being in 
fluid communication with at least one subsea production well. The method including 
ceasing hydrocarbon production from the at least one subsea production well, 
injecting a pig into the riser, passing the pig from the riser through the Y joint and into 
the looped flowline, returning the pig from the looped flowline into the Y joint, and 
passing the pig from the Y joint into the riser. 



BRIEF DESCRIPTION OF THE DRAWINGS 



[0014] FIG. 1 is a diagram of a piggable subsea production system, featuring two 
risers and two flowlines. 

[0015] FIG. 2 is diagram of piggable subsea production system featuring one riser, 
one flowline and a reloadable subsea pig launcher. 

[0016] FIG. 3 is a diagram of an embodiment of the current invention, featuring a 

piggable system comprising a riser, a " Y" joint and a looped flowline. 

[0017] FIG. 4 is a diagram of an embodiment of the current invention, featuring a 

piggable system comprising a riser, a 11 Y" joint located on the sea floor and a looped 

flowline. 

[001 8] FIG. 5 is a diagram of an embodiment of the current invention, featuring a 
piggable system comprising a riser, a "Y" joint located in the ocean column and a 
looped flowline. 

[0019] FIG. 6 is a diagram of the "Y" joint of the current invention. 
[0020] FIGs. 7a through 7h depict steps used in pigging a piggable system 
according to one embodiment of the invention. 

[0021] FIG 8. is a diagram of an embodiment of the current invention, featuring a 
piggable system comprising a riser, a "Y" joint and a looped flowline including a 
manifold. 



Attorney Docket No. 2003UR030 



6 

DETAILED DESCRIPTION OF THE INVENTION 



[0022] The invention includes a piggable flowline-riser system that is capable of 
supporting the production of hydrocarbon resources (e.g. oil and gas) from subsea 
wells using a single riser and a looped flowline. With reference to FIGS. 3 and 4, an 
embodiment of the flowline-riser system is shown with a host surface facility 5, a riser 
10 and a looped flowline 60. At the base of the riser 10 is a specialty hardware device 
called a piggable "Y" joint 20. The stem 21 of the "Y" joint 20 is connected to and is 
in fluid communication with the riser 10. The two branches 22 and 23 of the "Y" joint 
20 are connected to and in fluid communication with flowlines 30 and 50, 
respectively, which form the two ends of flowline loop 60. For the purposes of this 
disclosure, the flowline will be referred to as a single flowline, although it should be 
understood that the flowline may comprise several flowlines connected in a series. 
For example in FIG. 3, the flowline loop 60 may be formed by flowline 30, flowline 
40 and flowline 50. The diameters of the flowline(s) and the riser may be identical, or 
may vary. Flowlines and risers are commonly used in offshore production of 
hydrocarbons, and the selection and installation of such lines can be made by one of 
ordinary skill in the art. 

[0023] The flowline loop 60 is in fluid communication with one or more 
production wells or sources of the hydrocarbon product, for example shown in FIG. 3 
as subsea wells 35 and 45. Fluid communication between the production wells and 
the flowline may be accomplished through a conventional production tree (not 
shown). Appropriate valves contained in the production tree can be activated to 
isolate the flowlines from the source of the hydrocarbon products. 
[0024] The host production facility 5 may be any facility used in the offshore 
production of hydrocarbons. Such facilities include, but are not limited to "fixed" 
structures such as a jacket or a compliant tower, "floating" structures such as a 
tension-leg platform, spar or deep-draft caisson vessel (DDCV), and land-based 
facilities connected by the flowline-riser system with offshore wells. 
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[0025] For the purposes of this invention, including the claims, the term riser is 
intended to refer to that portion of the system of pipes located above the " Y M joint, i.e. 
piping that connects the M Y" joint to the host production facility. The term flowline 
shall refer to that portion of the system of pipes located below the "Y" joint, i.e. piping 
that connects the "Y" joint with the subsea wells. This distinction is made from the 
traditional definitions of "risers" and "flowlines," previously discussed, to clarify that 
the location of the "Y" joint is not limited to the intersection of the seabed floor and 
the ocean water column. The embodiment shown in FIG. 3 provides the "Y" joint 20 
as being located at the interface between the ocean water column and the ocean floor. 
However, it is understood that the " Y" joint 20 may be located within the water 
column or may lie on the ocean floor. For example, as shown in FIG. 4 the "Y" joint 
20C is located on the ocean floor with parts of the riser 10C laying on the ocean floor. 
In contrast, as shown in FIG. 5, the "Y" joint 20D is located within the ocean water 
column. Accordingly, parts of the flowline loop 60D extend into the ocean water 
column. 

[0026] The " Y" joint 20 has the following features. As shown in FIG. 6, the two 
flowline branches 22 and 23 of the " Y" are each outfitted with shut-off valves 24 and 
25, to control fluid flow between the riser 10 and the respective ends of the flowline 
loop 60 depicted by flowlines 30 and 50 in Figure 6. The "Y" joint 20 is also outfitted 
with two injection valves: a main injection valve 26 and a pigging injection valve 27. 
The main injection valve 26 may be located on the stem or riser end 21 of the "Y" 
joint 20. The pigging injection valve 27 may be located on one of the flowline 
branches, either 22 or 23 of the "Y" joint 20. The pigging injection valve 27 may be 
located on the downstream side of the shut-off valve (24 or 25), i.e. the shut-off valve 
(24 or 25) may be located between the riser 10 and the pigging injection valve 27. For 
this illustration, the pigging injection valve 27 is located on flowline branch 22, which 
hereinafter will be referred to as the "active" flowline branch 22. The other flowline 
branch, i.e. the flowline branch without the pigging injection valve is referred to as the 
"passive" flowline branch 23. The shut-off valves and injection valves located on the 
"Y" joint 20 may be any suitable valve including those that are common in the 
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industry, and the selection of the appropriate valves for this invention can be made by 
one of ordinary skill in the art. 

[0027] The following is a description of a method for pigging the flowline-riser 
system described above to produce hydrocarbons. The hydrocarbons are produced 
through the subsea wells, shown in FIG. 3 as wells 35 and 45, and pass through a 
production tree (not shown) and into the flowline loop 60. The hydrocarbons exit the 
flowline loop 60 via open shut off valve(s) 24 and/or 25 in "Y" joint 20, and enter into 
the riser 1 0 where the hydrocarbons are transported to the host production facility 5 
for processing. Optionally, to enhance hydrocarbon recovery from the subsea 
reservoir, the main injection valve 26 located on the stem 21 of "Y" joint 20 may be 
used as a point to inject riser gas to help maximize hydrocarbon recovery. "Gas 
lifting" is commonly practiced in the industry, and can be readily accomplished by one 
of ordinary skill in the art using the main injection valve 26 as the injection point. 

[0028] To pig the flowline-riser system of the current invention, a pig is sent from 
the host production facility 5 down the riser 10, directed into the "active" flowline 
branch 22 of the " Y" joint 20, sent through the flowline loop 60 and into the "passive" 
flowline branch 23 of the "Y" joint 20, and returned to the host production facility 5 
through the same riser 10. 

[0029] More particularly, to pig the flowline-riser system of the current invention 
the following procedures can be used. FIG. 7a displays an exemplary flowline-riser 
system according to one embodiment of the invention during normal production 
operations. Well shut-in valves 36 and 46 are open to allow fluids produced from 
wells 35 and 45 to flow into flowline loop 60. The shut-off valves 24 and 25 located 
on flowline branches 22 and 23 may also be placed in an open position to allow 
produced fluids 71 to flow through the riser 10 to the production facility. 
Alternatively, one shut-off valve 24 or 25 may be open while the other shut-off valve 
remains closed. Main injection valve 26 may be closed during normal production 
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operations or opened if gas lift operations are desired. Pigging injection valve 27 may 
be closed during normal production operations. 

[0030] As depicted in FIG. 7b, to begin the pigging process the subsea wells 35 
and 45 are "shut in", i.e. hydrocarbon production from the subsea wells 35 and 45 is 
stopped by activation of well shut-in valves 36 and 46 which may be located in the 
production tree. The shut-off valve 25 for the passive flowline branch 23 is closed (if 
not already closed), and the shut-off valve 24 on the active flowline branch 22 is 
opened (if not already open). The liquid 71 from riser 10 is removed, and system 
pressure reduced, by injecting lift gas 70 at the main injection valve 26. The pig 80 is 
then launched, FIG. 7c, from the host production facility 5, down the riser 10. Gravity 
will drive the pig 80 down the riser 10, or if necessary, injected fluid 73 above the pig 
80 may be used as a pusher fluid. Fluid 72 below the pig 80 can be returned to the 
platform through injection valve 27. The pig 80 will enter into the stem 21 of the "Y" 
joint 20 and into the open active flowline branch 22 through open shut-off valve 24, 
FIG. 7d & e. If necessary, the pig 80 can be pushed beyond injection valve 27 by 
compressing the gas and liquid in the flowline loop 60. The shut-off valve 24 on the 
active flowline branch 22 is then closed behind the pig 80, and the shut-off valve 25 
on the passive flowline branch 23 is opened. Pigging fluid 73 may then be injected 
into the active flowline branch 22 through the pigging injection valve 27 and fluids in 
front of the pig 80 are thereafter pushed through loop 60 into riser 1 0 and out to the 
production facility. Any pigging fluid may be used, including but not limited to 
diesel, methanol or gas to propel the pig through the flowline. 
[0031] The main injection valve 26 may be opened to gas lift the fluids coming 
through the loop, thereby reducing the pressure in front of the pig 80. The position of 
the pig 80 may be monitored, such that when the pig 80 passes a production well or 
well center (e.g. wells 35 and 45), the well(s) can be brought on-stream to aid in 
"pushing" the pig 80. Monitoring devices, such as electronic or magnetic-pulsing 
transmitters on the pig with receivers on the line, may be used to detect the location of 
pigs within lines. The pig 80, once through flowline loop 60, will enter back into the 
"Y" joint 20 through the passive flowline branch 23, FIG. 7f. The pig will exit the 
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M Y" joint 20 through stem 21 into the riser 10 where it will return to host production 
facility 5, FIG. 7g. The shut off valve 24 in the active flowline branch 22, can then be 
opened to resume normal production operations. 

[0032] FIG 8. Depicts an embodiment of the flowline-riser system with a host 
surface facility 5, a riser 10 and a looped flowline 60E at the base of the riser 10 is a 
specialty hardware device called a piggable "Y" joint 20. The stem 21 of the "Y" joint 
20 is connected to and is in fluid communication with the riser 10. The two branches 
22 and 23 of the "Y" joint 20 are connected to and in fluid communication with 
flowlines 30E and 50E respectively, which form the two ends of flowline loop 60E. 
The embodiment of FIG 8. also includes a manifold 65E incorporated into flowline 
loop 60E. The manifold 65E may be used to receive fluids produced from wells 35E 
and 45E and distribute the produced fluids to flowlines 30E and 50E of the flowline 
loop 60E. Pigging loop 40E provides a means for the passing of a pig between 
flowlines 30E and 50E. 

[0033] The apparatus and methodologies described herein may be used in 
producing offshore hydrocarbon resources. The piggable flowline-riser system may 
be used in combination with an offshore structure to produce hydrocarbon resources. 
The offshore structure may be, for example, a classic spar (e.g. a deep draft caisson 
vessel ("DDCV") or a truss spar) that is equipped with a deck and a production or 
export riser. In the case of the spar, the deck can support offshore hydrocarbon 
resource (i.e. oil and gas) production equipment for the production of oil and gas 
natural resources. Produced oil and/or gas may then be offloaded from the deck by, 
for example, pipeline to shore or a transport ship or barge and then moved to shore. 
The oil and gas may then be refined into usable petroleum products such as, for 
example, natural gas, liquefied petroleum gas, gasoline, jet fuel, diesel fuel, heating 
oil or other petroleum products. 

[0034] Although some of the dependent claims have single dependencies in 
accordance with U.S. practice, each of the features in any of such dependent claims 
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can be combined with each of the features of one or more of the other dependent 
claims dependent upon the same independent claim or claims. 

[0035] The present invention has been described in connection with its preferred 
embodiments. However, to the extent that the foregoing description is specific to a 
particular embodiment or a particular use of the invention, this is intended to be 
illustrative only and is not to be construed as limiting the scope of the invention. On 
the contrary, it is intended to cover all alternatives, modifications, and equivalents that 
are included within the spirit and scope of the invention, as defined by the appended 
claims. 



